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DIGEST 


Bipotentiometric  titrations  of  various  polynuclear  aromatic 
hydrocarbons,  benzenes  substituted  with  electron-donating  groups,  and 
ir-excessive  hetoroarornatics  in  trifluoroacetic  acid  -  dichloromethane  with 
lead  (IV)  or  cobalt  (III)  acetate  solution  re  suited  i,i  novel  titration  curves.  Each 
reagent  increment  usually  resulted  in  the  formation  of  a  potential  "saw 
tooth,"  indicating  formation  and  decay  of  reversible  redox  couples;  the 
final  titration  curves  had  one  or  rr.ore  potential  minima  regions  before  the 
end-point.  In  almost  all  instances  the  titration  curve  for  a  given  aromatic 
compound  is  characteristic,  somewhat  in  the  manner  of  a  spectrophoto- 
metric.  curve. 
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Intense  colors  have  Inwnolwed  in  spot-test  renet  ions  of  |x  ilvuuelear  ar<  mv.it  ie 
hydrocarbons  oxidized  with  Ivatljl V)  acetate  in  trifluoroacetic  neii!  (TEA  l1.  Hv  analo- 
{tv  to  electrochemical  oxidations,  it  was  postulated  that  these  colors  involved  radical 
cation  species***.  If  these  species  are  sufficicntlv  stable,  then  they  might  form  eiec- 
trothcmieallv  reversible  redox  couples  that  can  In:  detected  by  means  of  hip:itcnti:>- 
metrv.  This  tcchniipie.  which  has  Ixren  applied  almost  exclusively  to  inorganic  sys¬ 
tems  makes  use  of  a  pair  of  platinum  electrodes  polarized  wit  ii  several  microamperes 
of  dire«-t  current.  If  an  electrochemicaliy  irreversible  substrate  is  tended  with  a  re¬ 
versible  titrant,  then  the  potential  between  tile  ‘.wo  electrodes  tone  polarized,  the 
other  depolarized)  remains  high  during  the  titration  but  drops  sharply  in  the  vicini¬ 
ty  of  the  end-point  when  ltoth  electrodes  are  depolarized  An  clcrtro-dicniiealiv  re¬ 
versible  redox  couple  is  one  that  can  depolarize  electrodes.  lncaU'e  tie*  relatively 
rapid  rate  of  electron  transfer  maintains  c<juilibrium  at  the  ele«  to  ides. 

Organic  bijiotentioinetry,  especially  that  for  aromatic  compound*,  can  differ 
from  the  above  in  that  during  the  titration  of  irreversible  substrate  with  irreversible 
oxidant,  intermediate  reversible  redox  species  of  short  but  appreciable  half-lives  are 
fornw*d.  This  i-.  esj>eci.d!y  true  in  a  solvent  medium  of  low  basicity  such  as  Th'A. 


KXJ’KKIMKSTAI. 


AY rtgoi/s 

Lead(iV)  acetate  was  prepared  from  red  leadfl Yl  oxide5,  while  cohalt(lfi) 
acetate  was  readily  obtained  from  cobalt(li)  acetate  and  leadilVi  acetate®  in  Th'A. 
Tlie  solution  ol  ‘In*  leadf  i  V)  salt,  •>.!  .Y  in  Th'A.  lost  alxnit  r'„  titer  |>er  day.  and  the 
solid  material  slowlv  decomposed  on  standing.  s<>  that  fre<punt  standardization  was 
required. 

The  oxidants  were  standardized  with  bminnhydrnquinnnr  ; K  X*  K  Lab-i, 
recrystallized  from  water  and  standardized  with  tiichroinate  in  aqueous  .saint ion  using 
diphcnylaminesulfouate  indicator.  The  standardization  of  oxidant,  o.t  ,Y  in  Th'A  *.vas 
done  jxitentiometrsallv  in  ;>  i:t  (v  v)  mixtur**  oi  Th'A  (East maid  and  dichioj-ome- 
thane  containing  o.oi  ,\f  silver  trifluomacctatc. 

Aminat'-  compounds  invest igated  were  common  tally  available  samples  in 
the  purest  grades  available.  Stock  solutions  3.0-10  -  .1/  in  dichlorometbatu*  were  pre- 
pared  fresh  every  other  (bv. 
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Equipment 

Potential  mea-tuvnKT.ts  were  mad**  with  a  iV'knnn  expamlcd-si  at?  pit  n.c-tei 
connected  t«>  a  Sargent  model  MR  recorder.  Klectrodes  were  made  with  i-mt» 
diameter  silver  or  platinum  wife.  Direct  current  was  provided  from  step-down 
transformer  wit};  a  selt-r.itim  sv'-iifier  ,_\r  V'  ami  a  senes  resistance  {»._$  MsJ). 

Procedure 

The  I>i jw »t vn t iomet ric  titration  was  perorated  in  a  5  in’,  Ivaker  with  a  microbar 
stirrer  and  a  two-hole  aluminum  f.ii;  cap  to  minimi/c  evaporation  of  the  soli  eat  mix¬ 
ture  which  was  1  ml  of  f  FA,  0.50  nd  of  stock  solution,  and  o.f,  ml  «•}  till  !il<;r<ur.etiu.m\ 
The  substrate  concentration  was  i.»5  -io  :,M.  Air  was  not  excluded  (torn  the  system, 
which  was  run  at  ambient  temjx-rature.  The  electrodes  were  5-cm  lengths  of  platinum 
wire  mounted  in  a  polyethylene  -up.  spa* <■(!  t  nun  apart  and  |w»lati/ed  with  7  «A  of 
applied  direct  current.  Oxidant,  o.to  ,V  i;i  TFA,  was  miioduccd  with  a  «-nd  (i’luiout 
mirrubmet  in  increments  of  5  //!,  at  15-sec  inteixais.  ’flu-  chait  speed  was  0.5  m 
min 

For  reasons  of  economy,  t!ie  TF'A  was  recovered  from  the  expended  so'veiU 
mixture  1>\-  a  simple  fractionation. 


ni-sms  ani>  msn  ssiox 


!  ‘re!  tin  i  n.ir  v  expert  meats 

Initial  additions  of  oxidant  to  an  aromatic  substrate  resulted  in  an  almost 
instantaneous  change  in  potential  (A I  »  Itetween  the  polarized  elect r< ales,  followed 
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by  "decay"  of  jMitontial  to  a  new  value.  This  increment  was  usually  of  the'  saw-tooth" 
type.  These  increments  went  to  make  up  titration  curves  that  had  one  or  more 
potential  minima  regions  he  hue  the  end-|x>int  (see  bigs,  t  4). 

The  shape  and  magnitude  of  the  increments  as  well  as  the  shape  of  the  ti- 
tiation  curve  for  a  given  .-ubstratc  wee-  quite  sensitive  to  a  variety  of  parameters, 
some  of  which  are  considered  in  detail  in  this  pajxjr.  The  four  major  parameters  were: 
co-solvent,  oxidant,  applied  current  (more  specifically  current  density)  and  delay 
time  between  additions,  lit  came  of  the  low  solubility  of  many  aromati  s  in  TFA.  a 
relatively  inert  co  solvent  \v..s  required.  Dichloiomeihaiie  was  found  to  be  satisfac¬ 
tory  and  had  the  added  advantage  that  TFA  could  lie  readily  recovered  In  fractiona¬ 
tion  from  mixtures  with  it.  Other  polyhalogen  alkanes  could  be  substituted  with  no¬ 
ticeable  change  in  increment  shape.  Benzene  was  too  reactive  to  he  a  suitable  solvent. 

It  was  noted  that  lead(lV)  and  cobah(lU)  oxidants  gave  only  small  ]>olcntial 
drops  tu  blank  titrations,  indicating  a  low  degree  of  electrochemical  reversibility  and 
allowing  successful  till,:'  >ms  to  lie  made.  With  the  various  substrates,  these  two 
u-ag,  nts  were  found  to  diticr  in  two  important  ways.  With  almost  all  of  the  compounds 
testeu,  cohalt(lll).  a  :-equivalent  oxidant,  gave  larger  AT  values  than  lead(IV),  a 
2-equivalent  oxidant.  This  effect  was  magnified  in  very  dilute  sc'ntion  (substrate 
1 .25  •  ;.o~^  M).  Also,  markedly  different  type  curves  were  often  given  by  both  oxidants 
with  a  give.,  substrate.  Mangatiese(IIl)  Irehavcd  similarly  to  cobalt(Hl),  while  thal- 
iiuni(HI)  acetate  reacted  only  with  the  most  reactive  substrates. 

The  current  applied  was  7  //A  (2.1  V/0.3  MU),  but  because  of  high  solution  re¬ 
sistance,  the  actual  value  as  measured  with  a  microammi-ter  was  only  about  half. 


Fig.  1.  Bipolentioractric  titiatioa  of  plkjtantbrene  wish  If.nl(lV)  itccUtc,  a  type  t  AS  curve. 

log.  (,  llipotetlttometric  titration  o!  l.r.j.i-ilileTbiithOctlx  isiiti  ro!?U(lll|  acetate,  a  type 
II  .\Sturvc. 
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TABLE  I 


CLASSIFICATION  Or  llll-.>TEXrlOMKTUIC  CfRVhS  Foil  VARIOUS  AROMATIC  COMPOUNDS 

CillSS 

Cunt  pound 

Clasfif'tittion 

1.  I'olvnnclear  aroma*  ic 

.\;ipS:llialone 

l.iaitf  1  V) 

i>  hits 

1  AM 

C**balt(  tit) 
acetate 

It  BS 

hydrocarbons 

Anthracene 

II  US 

1  BS* 

1.  Linear 

Naphthaceiic 

1  BM 

III  M 

Angular  anthracene 

1,2-ihMuanthracene 

II  AS 

II  AS 

1  .a. 3,3  l)ilH'iiza:ithracene 

1  US 

II  AS 

»,j.5,0-Dil>eii«iiithraceui: 

1  BS 

11  AS 

3.  Angular  phenantlirenc 

Hi  'innthrene 

1  AS 

111  S 

Ch.vsene 

1  BM 

!\  S 

3.  3-Ben/aphenanthrene 

II  AS 

11  AS 

Cuiulciwi'd  ring 

Triplienvlene 

1  BS 

:  ns 

i  ’vrene 

1  BS 

1  BS 

I..:- Benzopyrene 

1  BS 

1  BS 

3,. (-Benzopyrene 

III  M 

111  M 

1‘erylene 

I  BM 

1  BM 

5.  l’oivaryl 

Biphenvl 

I  AS 

I  BS* 

/>-Torphenvl 

1  BS* 

I  BS* 

1.1-Binaphtiiv) 

1  BS 

II  AS* 

j.a-Hinaphthvl 

11  BS 

II  AS 

i-l’lieuvlnaphthalene 

I  BM* 

HIM 

j-l’henvlnapluhalene 

1  AM 

1  BS 

9.lo-l)ipllenylanthracene 

I!  BM 

11  EM 

6.  Non-alternant 

l'Tuorene 

1  BS 

I  BM* 

Fluoranthene 

1  BM* 

1  BM* 

Vcenaphtliene 

1  BS 

!  BM* 

Acenaphthylene 

I  AS 

1  BM 

.vrulene 

1  AS 

1  BM 

7.  l’olverte 

rij-St  dliene 

1  AM 

II  AS* 

Ir/ii.'S-Stilliene 

I  AS 

1!  AM* 

S.  Miscellaneous 

lliphonylene 

1  BM* 

!  BM* 

11.  Siilistitmcd  Itcnrenes 

Anicole 

1  BS 

I  BS 

1.  Ethers 

«M*hIoro.t*iiso1e 

II  AS 

1  l’-S 

3-(hloroainsole 

1.'  defined 

1  BS 

.(-Chloroanibole 

1!  AS* 

1  BS* 

s.  1 ’heroic 

Phenol 

1  AM 

1  BS 

^-Ch)oryj»hmol 

i  AM 

1  AM 

3-Chlorophenol 

1  AM 

l  AS 

^-CiiHrophenol 

1  AM 

11  BM 

3.  Amines 

Aniline 

Ill-defined 

Ill-defined 

2-Chlowaniline 

1  AS 

1  BM 

3-Chloiaanihiic 

Ill-defined 

Ill-defined 

.(-C'hloroaniline 

Ill-defined 

ill-defined 

iliphcnylnimne 

1  BM 

1  BM 

111.  ar-Exeecshe 

Thiophene 

l  BM 

Ill-defined 

lieteroRCc  matics 

Carbarole 

1  BM 

i  BM 

I’licnotlssaiiitc 

li  AM 

II  AM 

I’l.enothio.vin 

1  BM 

11  BM 

HienoxarJne 

If  \M 

II  AM 

»  Belativrly  large  AT  increments. 
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This  value  was  just  sufficient,  under  experimental  conditions  with  the  majority  of 
compounds  (ani.-oles  and  phenols  required  3.5  /(A),  to  bring  the  pit  meter  needle  tm 
scale  with  tue  asymmetry  control.  Consequently,  the  scale  included  a  j.joo  mV  q>an 
between  about  +<>00  and  +2000  mV.  Smaller  applied  currents  changed  the  AK 
values  somewhat  but  not  the  shape  of  the  titration  curves.  With  the  same  current 
(7  it  A  and  a  larger  ballast  •'  load,  49  V'7  Mil)  less  well-defined  curves  were  obtained 
than  with  the  above.  A  15-sec  interval  between  titration  additions  and  a  chart  speed 
of  0.5  in  min-1  were  found  to  be  optimal  for  the  qualitative  comparison  of  the  com¬ 
pounds  studied;  but  for  quantitative  studies,  other  values  of  current  density,  ballast 
load  and  interval  between  additions  might  be  more  suitable. 

Other  parameters  that  were  found  to  affect  the  shape  of  increments  included : 
(a)  presence  of  added  bases-,  such  as  water  in  the  solvent  mixture,  that  combined 

with  reactive  intermediates,  and  tf)  rapidity  of  reagent  addition  and  stirring,  which 
influenced  AT  values. 

Finally,  it  should  lie  mentioned  that  inclusion  of  a  third  (reference)  electrode1, 
consisting  of  a  silver  wire  dipping  into  the  titration  mixture  containing  0.01  M  silver 
trifluoroacetate,  gave  different  curves  when  reference  and  anode,  or  reference  and 
cathode  |x>tential  difference  was  measured. 

Classification  of  titration  curves 

Well-defined  titration  curves  were  considered  to  be  those  with  an  end-point 
break  and,  preferably,  one  or  more  potential  minima.  Certain  compounds  (c.g.  aniline, 
and  the  rr-dcficient  heteroaromatics — acridine,  phenazinc,  and  phenanthridine) 
gave  “saw-tooth”  increments  but  poorly  defined  curves  which  lacked  both  potential 
minima  and  end-j>oints. 

Classification  was  based  upon  titration  of  fresh  stock  solutions  of  assumed  re¬ 
latively  pure  comjxmnds.  Solutions  used  over  more  than  i-2  days  often  gave  signi¬ 
ficantly  different  results. 

The  curves  for  representative  c->m]>ounds  of  different  classes  of  aromatic 
comjxiumls  with  lead' IV)  and  cobalt(lll)  are  classified  in  Table  1.  The  curves,  re¬ 
presentative  examples  of  which  are  given  in  Figs.  1  4.  are  classified  on  the  following 
basis. 

1.  Whether  the  curve  had  1.  II,  111,  etc.  potential  minima  before  the  end-point. 
Potential  minima  were  "troughs"  m  the  titration  curves  formed  by  drawing  a  line 
connecting  increments  at  their  upper  tips.  With  lead(IV)  titrant  almost  all  substrates 
gave  a  curve  having  a  slight  rise  after  the  end-point,  which  for  the  pur|»se  of  classifi¬ 
cation  wits  not  considered  a  true  potential  minimum. 

2.  Whether  the  minimum  potential  was  altovc  (A)  or  below  (It),  that  for  the 
end-point  for  type  I  curves;  or  whether  the  first  minimum  was  above  (A)  or  below  (B), 
that  for  the  second  for  type  II  curves.  Tvjte  HI  and  IV  curves  were  sufficiently  rare 
that  no  further  subdivision  of  this  type  was  made. 

3.  Whether  the  curve  was  made  up  exclusively  of  "saw-tooth"  increments  (S) 
of  included  a  significant  number  of  mixed  type  increments  (M).  "Saw-tooth"  incre¬ 
ments  were  those  where  the  internal  angle  of  the  "saw-tooth"  was  less  than  90  . 
Other  increments  were  often  encountered  with  angics  Ix-twcen  90'  and  ca.  135  . 
Occasionally  inverse  increments  resulted. 

This  classification  (Table  I)  leads  to  the  observation  that  for  condensed  polv- 
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nuclear  aromatic  hydrocarbons  and  Tour  out  of  five  rr-excessivc  heteroaromatics  stu¬ 
died,  both  oxidants  gave  curves  of  the  same  class  type. 

Quantitative  relationships 

Quantitative  relationships  among  the  various  curves  were  not  studied  in  ativ 
detail  in  this  investigation  hi  t  would  include  magnitude  of  pitesitiul  drop  (A I  ‘i, 
decay  rates  of  reversible  redox  couples,  anti  stoichiometry  at  |xitential  minima  and 
end-points.  For  these  parameters,  it  wotdd  Ik*  necessary  to  control  fairly  do-civ  such 
factors  as  temperature  and  sjK'ed  of  addition.  However,  it  i>  noteworthy  that  under 
the  e.\jK*riniental  conditions  used,  a  number  of  biaryls  and  ^-substituted  anisolesgave 
relatively  large  values.  Decay  rates  varied  considerably  (nr.  0.1-1  min  half-lives), 
not  only  from  compound  t<«  eompmnd  but  even  in  various  pisitions  of  a  given  titra¬ 
tion  curve.  In  many  instances,  increments  in  the  ascending  pinion  of  a  curve  decayed 
more  rapidly  than  those  in  the  descending  pirtioit.  Potential  mi.  ima  often  did  not 
correspmd  to  integral  oxidation  equivalents.  p»»il>ly  indicating  concurrent  rather 
than  sequential  oxidation.  For  many  of  the  curves,  end-piints  were  relatively  gradual 
and  non-stoichiomeirie,  which  is  probably  partly  due  to  the  non-equilibrium  condi¬ 
tions  employed.  Further,  reaction  of  substrate  with  oxygen  in  the  air  was  ol»erved 
with  reactive  hydrocarbons  such  as  jierylene  or  rubreite. 

Almost  all  of  the  compounds  examined  gave  vivid  color  transitions  during 
tiie  titrations.  In  a  number  of  instances  these  changes  corresponded  to  sharp  change- 
in  the  bipitentiometric  curves. 

Oxidation  mechanisms 

For  bijxitentiomefry  and  liiampTometry  elcvtrocliemicallv  reversible  redox 
couples  are  essential.  In  organic  bipitentimnetry  in  a  relatively  inert  solvent,  electro¬ 
chemical  revet -ibilit  y  and.  consequently,  the  shape  and  si/.e  of  the  titration  increments 
will  dep_*nd  essentially  up*n  two  equations: 


Ar  Ar.'+e 
,:Ar.*  --  ArAr-f  aII~ 


in 

(Jl 


Oxidations  involving  loss  of  an  electron  teqn.  iiu  are  capable  <■!  Iming  elec;r«»- 
chemically  reversible,  while  loss  by-ultstrateol  a  hydrogen  atom,  (except  OH  or  Nil., 
or  a  hydride  bn  genet  ally  renders  them  n  reversible.  Further,  if  the  i.iteot  dimeri/atioit 
of  the  radical  cation  i-  rapid  (relatively  unstable  radical  ration l  compared  to  the  rati 
of  initial  electron  transfer  then  i  cart  ton  (I)  will  be  rendered  irreversible. 

Fleet roc’iemical  andor  chemical  evident e  indicates  timt  for  jwl\  nude  tr  aro¬ 
matic  liydrocarlxins**.  heteroaromatics',  ami  aromatic  ethers*,  initial  oxidation  gives 

the  radical  cations  Ar.-  and  Ar-O-R.  r«*sp ctivelv,  while  phenols'-10  give  Ar  O. 
Amines  oxidized  clectrochemically  give  Ar  Nil;',  asid  chemical  oxidation  prodtu  e> 
Ar-Xll”.  These  radical  cations,  differ  widely  in  in-tabilitv  wish  re-pot  to  dimeriza¬ 
tion.  Relative  stabilities  can  K*  estimated  by  Highe-t  Filled  Molecular  Orbital  cal¬ 
culations'.  Radical  cations  from  ^-deficient  heteroaromatics  and  anilines  arc  par¬ 
ticularly  unstable'.  In  the  current  investigation.  It  was  found  ihat  all  of  tin*  examined 
polynuclear  aromatic  hydrocarlwms,  phenols  (with  cobalt f !  1 1 )  only),  and  aromatic 
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ctliers  gave  well-defined  titration  curves,  indicating  that  even  the  most  unstable  of 
these  radical  cations  or  cations  were  sufficient 'v  stable  to  cause  depolarv.ation,  while 
several  anilines  tested  gave  ;>oorlv  defined  curves  (the  o-ch!oro  conqxnmd  being  tin 
exception). 

One  may  speculate  on  the  relative  size  of  the  |x:tential  drops12.  Since  the  ti¬ 
tration  solutions  were  stirred,  mass  transfer  rates  were  relatively  rapid  and,  as  was 
observed,  radical  cation  half-lives  were  of  comparable  duration  to  measurement 
times.  Consequently,  the  electron  transfer  rate  apparently  controls  the  magnitude  of 
AF.  Since  very  little  information  is  available  on  organic  electron  transfer  coefficients, 
meaningful  discussion  is  not  yet  possible. 

While  the  first  step  in  the  above  oxidations  is  relatively  straightforward, 
subsequent  loss  of  electrons  is  more  complicated.  Stoichiometry  fot  organic  bipo- 
tentioinetry  indicated  that  two  or  more  equivalents  of  oxidant  were  often  involved. 
Possible  reactions  for  polynuclear  aromatic  hydrocarixms  in  dude  oxidation  of  dimer 
to  radical  cation  Ar-Ar.-r  o:  to  Ar-Ar8~  or  oxidation  of  radical  cation  to  cation  Ar‘-‘+13, 
reactions  which  may  be  concurrent  or  sequential.  Further  information  could  be  ob¬ 
tained  by  coupling  bipotentiometry  with  such  techniques  as  spectrophotometry,  elec¬ 
tron  spin  resonance,  or  cyclic  sweep  voltammetry. 

SUMMARY 

JiipotcRtiomctnc  titrations  of  various  jxdynudear  aromatic  hydrocarbons, 
Ixinzenes  substituted  with  electron-donating  groups,  and  .t-excessive  lietcroaromatics 
in  trifluoroacetic  acid-dichlnromethane  with  lcad(IV)  or  cobalt(Iil)  acetate  solution 
resulted  in  novel  titration  curves.  Optimum  qualitative  results  were  obtained  with  a 
15-sec  delay  fietween  additions  of  titrant.  Each  reagent  increment  usually  resulted  in 
the  formation  of  a  potential  "saw-tooth**,  indicating  formation  and  decay  of  reversible 
redox  couples;  the  final  titration  curves  had  one  or  more  potential  minima  regions 
before  the  end-jxiht.  Ikcause  of  considerable  differences  in  numlxir,  reversibility 
and  stability  of  oxidation  intermediates,  m>  two  aromatics  of  those  tested  gave  iden¬ 
tical  curves.  However,  sufficient  similarities  existed  to  permit  a  system  of  curve  clas¬ 
sification  and  some  degree  of  correlation.  The  technique  is  at  present  essentially  a 
qualitative  one.  In  almost  ail  instances  the  titration  curie  for  a  given  aromatic 
conqxiund  is  characteristic,  somewhat  in  tin-  manner  of  a  spcctrophotometric  curve. 

KliSCMl’: 

Une  etude  cst  eflecti.ee  sur  les  titrages  bi|x.tenti<nnetriques  tie  divers  hydro- 
carbures  aromatiques  jxilynucleaires,  de  lienzenes  suijstitues  et  de  conqwses  lietero- 
ammatiques,  dans  Ic  milieu  acide  triflnoroaceti«|ue-dichloromethane,  a  Faide  de 
solutions  d’acetate  de  plotubflV)  et  de  cobalt(ItS).  Cette  technique  cst  actuellemcnt 
esventielltment  qualitative.  Dans  pres-pie  cliaquc  cas,  la  couriie  de  titrage  cst  caracte- 
ristique  jxjur  tin  compose  aroma ticpie  donne.  une  peu  a  la  maniere  d'une  warlx: 
spectropliotometrique, 

ZUSAMMENFASSYNG 

Verschiedene  nielirkernige  .iromatisclie  Kohlemvnsseistoffe,  mit  Elektronen- 
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dunor-(i~up|>en  .val>st  ituierte  Henzole  midnr-clektroiienrcidic  Heteroaroma!eii  warden 
ill  Triflaoressigsaiire -Didilc.riiietkan  tnit  15It-i(lV)-  odor  Kul>alt(Ill)-aeetnt-l.osoiig 
bijiotentiometriseli  titrierl.  Ks  er/aliai  sich  netiarlige  Titnitionskurven.  Opt 
quaiitativc  Ergebnisse  wurden  ei’halu-n,  wean  das  Titrationsmittel  in  Alistanden 
von  15  sec  ztigegelien  wnrde.  Jede  R.eagenzzngal>e  fiihite  iiurmalerweise  7 it  finer  ,<i- 
gezahiifuniiigen  l*oteisti:iiveriinderi»ng,  die  Bildmigmid  /.erf.iii  rever.-ibler  liedoxpaare 
an/.eigif.  Die scldiesslidi tshaltenen  Titrationskurven  iiattcn  vor clem  Kndpunkt  einen 
oder  mehrere  Hereiclie  mlt  Potent ialniinima.  Wi  0en  der  erheMidieii  Untersdiiede  in 
der  Anzalil,  Keversihilitat  mid  Stabilit.Xt  der  Oxidatinnszwisdienstufen  waren  miter 
den  uiitcrsuditen  Aroniaten  keine  mit  ideiitisclun  Titrationskiirven.  Dagcgen  waren 
gcniigend  Almlicakcitei;  vorlianden,  diecin  System  der  Knrvenklassiliziernng  erlaub- 
ten  mid  in  gewissem  Grade  lieziebungcti  erkeimen  Hessen.  Das  Vorfahren  ist  gegon- 
wiiriig  ini  wesentlidien  liir  qualitative  Zsvecke  amvendbar.  I5«:i  fast  alien  ISeispieleu 
ist  die  Titnitioiiskurve  fiir  vine  gegeliene  aroniatisdie  Wrbindnng  ciiarakteristiscli. 
etw.a  in  der  Art  finer  sjiektropliotoinetrisclieii  Knrve. 
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